Lung cancer was induced in female Wistar rats by a single intratracheal instillation of 9, 10-Dimethybenz(a)anthracene (DMBA). To evaluate the chemopreventive potential of Diclofenac, which is a preferential cyclooxygenase-2 (COX-2) inhibitor, animals were divided into four groups. Group 1 received normal saline intratracheally, Group 2 DMBA (20 mg/kg), Group 3 a daily oral dose of Diclofenac (8 mg/kg) in addition to the DMBA while group 4 received Diclofenac alone. Animals were sacrificed after 6 and 12 weeks. Presence of tumors was confirmed by morphological and histological analysis. COX-2 expression was studied by immunohistochemistry (IHC) and Western immunoblot, which showed higher expression in DMBA treated animals but much lower in DMBA+Diclofenac. EtBr/AO co-staining of alveolar macrophages under fluorescence microscope showed that Diclofenac was able to induce apoptosis in DMBA treated animals. DNA fragmentation and TUNEL assay also showed similar results. To explore the apoptotic pathway further, Caspase-3 expression was studied by Western immunoblot which showed its absence in DMBA treated animals while present in the DMBA+Diclofenac group. Nitric oxide and citrulline levels were also quantitated which were lowered in the DMBA+Diclofenac group. The results indicate that Diclofenac might have beneficial effects in lung cancer chemoprevention and its action is mediated by COX-2 inhibition and caspase-3 activation.
Introduction
Lung cancer is associated with highest number of cancer related deaths exceeding the mortality rate of breast, colon and prostate cancer combined [1] . The most common cause of developing lung cancer is cigarette smoking [2] which contains two main classes of carcinogensnitrosamines and polycyclic aromatic hydrocarbons (PAH) [3] .
Dimethybenz(a)anthracene (DMBA) is a highly potent PAH which is widely used to induce a variety of cancers including that of the lung tissue [4, 5 ] . To exert the carcinogenic effects it requires the metabolic activation by cytochrome P-450 enzyme (CYP1) [6] in a two step oxidation reaction. In the first step CYP1 B1 converts it into 7,12-DMBA-3,4-epoxide which is then further oxidized by microsomal epoxide hydrolase (mEH) [7] to form 7,12-DMBA-3,4-diol. This is finally converted into its ultimate carcinogenic form 7,12-DMBA-3,4-diol-1, 2-epoxide (DMBA-DE) by the action of CYP1 B1 again [8] . These metabolites form stable adducts with adenine and guanine residue in DNA leading to carcinogenesis [6] .
Various chemopreventives have been tried in the past for intervention in lung cancer. However trials with natural agents such as retinoid, alphatocopherol and carotenoid etc. have not proved very successful and instead have shown adverse tumor promoting roles in the smokers [9] . Hence, lookout for alternative chemopreventive modalities is on. Many epidemiological studies have shown the efficacy of non steroidal anti inflammatory drugs (NSAIDs) in inhibiting a variety of cancers including colon, skin, bladder etc [10] . They act by inhibition of COX-2 enzyme which is seen to be upregulated in various malignancies including lung cancer [11] which is associated with poor prognosis [12] . It is over expressed in premalignant adenomatous hyperplasia, malignant adenocarcinoma and squamous cell carcinoma in lungs [13] . COX-2 has varied tumor promoting roles in lung cancer like angiogenesis, resistance to apoptosis, increased invasiveness, immunosupression, chronic inflammation etc. [14] . There is also evidence that PAHs in tobacco smoke can be converted into mutagens by COX-2, utilizing its peroxidase activity [15] .
Diclofenac is a preferential COX-2 inhibitor [16] and presents lesser side effects compared to the selective COX-2 inhibitors such as Rofecoxib and Valdecoxib whose use have been associated with cardiovascular risk and renal failure [14] . Hence, the present study was designed to examine the chemopreventive efficacy of Diclofenac in experimental lung carcinogenesis with emphasis on COX-2 expression and induction of apoptosis.
Methods

Experimental design
Female Wistar rats (200-220 g) were obtained from the Central Animal House of Panjab University, Chandigarh. Animals were kept in plastic cages under standard laboratory conditions and received food and water ad libitum. All the procedures were performed according to the conditions laid down by the ethics committee on the use of experimental animals of Panjab University. Animals were acclimatized for 1 week and then randomly assorted into 4 groups having 9 animals each. First group served as control and was given 0.5 ml saline intratracheally, which is the vehicle of DMBA. Second group received a single dose of DMBA (20 mg/kg body weight) intratracheally. Third group was given Diclofenac (8 mg/kg body weight) dissolved in 0.2 % CMC (carboxy-methyl cellulose sodium salt) orally [17] in addition to DMBA. Fourth group received Diclofenac alone orally. DMBA was purchased from Sigma-Aldrich (St. Louis, MO, USA). The method for intratracheal instillation under ketamine anesthesia had been described by us earlier [18] . Animals were sacrificed after 6 and 12 week of dosing.
Lung Tumor Analysis
The animals were sacrificed by an overdose of diethyl ether at the indicated time interval after overnight fasting. The peritoneum was cut open and the heart perfused with chilled PBS. It cleared the lungs of all the blood. Then the lungs were removed and grossly examined for the presence of any surface tumors under a hand held lens and counted.
Histology
Lungs were removed, all five lobes separated and small portion of the tissue of about the same size were cut from two different lobes and fixed by immersing in 10% neutral buffered formalin. They were embedded in paraffin wax (58º -60º C) according to the standard technique [19] and cut into thin sections (5 µM) by a hand operated microtome, and stained with hematoxylin and eosin.
Immunohistochemistry
Paraffin embedded lung sections were dewaxed in xylene, hydrated and incubated with 2% BSA in PBS for 30 min in a moist chamber to block non specific staining. After rinsing in PBS, they were incubated with primary antibody against COX-2 (1:1000 dilution) obtained from Santa Cruz Biotechnology Inc., CA (USA), with 1% BSA in PBS for 2 hours in moist chamber at 37º C. The slides were washed twice with PBS-tween (50µl/100 ml of PBS) and incubated with the secondary antibody (1:10,000 dilution) from Genei, Bangalore (India), in 1% BSA for 2 hour at 37º C. Washing with tween is repeated and slides incubated with BCIP/NBT (Genei, Bangalore (India)) solution in dark and color development monitored. Slides were counter stained with methyl green, dehydrated and mounted in DPX [20] .
TUNEL
This assay was based on the identification of DNA nicks by terminal deoxynucleotidyl transferase, an enzyme that catalyzes the addition of dUTPs that are secondarily labeled with a marker. The procedure was carried out according to the instruction given in the kit by the manufacturer (Trevigen, USA).
DNA fragmentation
DNA was isolated from the lung tissue by phenol chloroform extraction method [21] . After quantitation at 260 nm, the electrophoresis was carried out on 1.5% agarose gel in TAE buffer. Gel was visualized by ethidium bromide under UV light and photograph taken using a GelDoc.
Fluorescence microscopy for apoptosis study in alveolar macrophages
Animals were sacrificed and lungs perfused with chilled PBS. They were removed, washed in PBS and chopped finely. They were kept on rocker with protease for 1 hour, filtered through a muslin cloth and the filtrate centrifuged at 700 rpm for 5 min. Pellet obtained was suspended in PBS. Viability of the cells was checked by the methyl green staining and purity of preparation checked with Giemsa. The cell preparation was found to be more than 97% pure. 10 µl of isolated cells were mixed with equal volume of both Acridine orange and Ethidium bromide or Propidium iodide and Hoest-33342 [22] . Cover slip was put on slide and observed under florescence microscope (Nikon, Japan). Live cells appear green, apoptotic cell yellow while necrotic cell red with Acridine orange-Ethidium bromide. For Propidium iodide-Hoest-33342, live cells appear blue, apoptotic cells pink and necrotic cells red [23] . Quantitation is done by counting a total of 100 cells from 4 different slides and percentage of the apoptotic cells calculated for each group.
Western blotting
It was done for COX-2 and Caspase-3. Protein was extracted using the protocol based on Sambrook et al [21] and estimated by Bradford method [24] . Protein was separated on SDS-PAGE, transferred onto the nitrocellulose membrane and blotting done by the method of Towbin et al [25] using the specific primary antibody as above. Blots were developed using NBT/BCIP solution and photographed.
Nitric oxide synthase (NOS) assay
It was estimated indirectly by quantitating the levels of nitric oxide (NO) and L-citrulline which are produced by the action of NOS. NO quantitation was done using the protocol of Stuehr and Marletta [26] by Griess reagent which gives pink color on reaction with the stable product nitrite and can be read at 540 nm. For citrulline estimation the method adopted was that of Boyde and Rahmatuleen [27] . The assay was based on its reaction with diacetylmonoxime and absorbance measured at 530 nm.
Statistical Analysis
Statistical analysis of the data was performed by the analysis of variance (one way ANOVA) following Post-Hoc test using the least significance difference (LSD) method with the help of a SPSS v 10 computer software.
Results
No morphological changes on the lung surface were seen at 6 week of DMBA treatment. However, after 12 week tumor nodules were observed in all the DMBA treated animals (Fig.  1 ). In addition, angiogenic lesions were also seen along with tumors. About 33% of the animals in DMBA+Diclofenac group had lesions in lungs but no tumorous nodules observed. The tumor incidence, burden and multiplicity are shown in table 1, which revealed considerable improvement in these parameters after Diclofenac treatment. Table 1 -Chemopreventive response of Diclofenac on the DMBA induced lung carcinogenesis in rats in terms of reduction in tumor and lesion incidence.
Df-Diclofenac; DMBA-9, 10-Dimethybenz(a)anthracene Incidence: percentage of animals bearing tumor or lesion. Burden: total no of tumors or lesions/total no of rats. Multiplicity: total no of tumors or lesions /no of tumor or lesion bearing rats.
Histopathological examination of lung sections was done. At 6 week, although no tumors were observed on the surface the DMBA treated group showed mild dysplasia and alveolar hyperplasia (Fig. 2-B) , while alveoli were intact. As can be seen in fig. 2 -F, at 12 week adenoma with alveolar dysplasia was present marked by dense cellular proliferation in the regions adjoining adenoma. The lesion present in DMBA+Diclofenac showed some altered histology as the alveolar spaces were constricted compared to the control group. Hyperplasia was also seen. The animals treated with Diclofenac alone showed no histopathological alteration.
COX-2 expression when observed by IHC showed higher expression in DMBA treated animals both at 6 week ( Fig. 3-B) and at 12 week (Fig. 3-F) . At 6 week marginal expression was also seen in DMBA+Diclofenac group while at 12 week the expression was confined mostly to the constricted alveoli. Control as well as Diclofenac only groups showed negligible expression of COX-2. Western blot analysis also showed higher expression of COX-2 in DMBA treated group which was lowered in DMBA+Diclofenac group (Fig. 4-A) .
DNA fragmentation study characteristic of apoptosis in Fig. 5 shows the absence of apoptosis in DMBA treated animals while the bands of fragmented DNA were seen to be induced by Diclofenac treatment in group 3. The bands were however, absent in Diclofenac only group. TUNEL assay showed apoptotic cells in brown stain which were then counted and expressed as the percent apoptotic cells. Fig. 6 shows the lowered number of apoptotic cells in DMBA treatment compared to the control group at 6 week (p≤0.001) which was also further diminished at 12 week (p≤0.01). Diclofenac treatment was able to restore apoptosis at both the time points. 4 . The immunoblot analysis of (A) COX-2 and (B) Caspase-3 in rat lung after Diclofenac treatment. Fig. 4 -B shows the Caspase-3 expression as seen by the western immunoblot which was negligible in DMBA treatment. However, with Diclofenac co-administration the expression was restored back to normal level similar to control group. Since alveolar macrophages are involved in inflammation and play an important role in cancer progression, apoptosis was studied by staining with fluorescent dyes PI/Hoest-33342 and EtBr/AO, and observed under fluorescent microscope. Fig. 7 shows the percent apoptotic cells in the different groups at 6 week. Both PI/Hoest-33342 and EtBr/AO showed the similar trend. The number of apoptotic macrophages had drastically been reduced (p≤0.001) in the 12 week DMBA treatment (Fig. 8) and to a lesser extent at 6 week. At early stages, the restoration of apoptosis by Diclofenac was near the control value but with the progression of the tumor the restoration was not complete and the number of apoptotic cell was significantly (p<0.001) lower than the control, although the number was higher compared to the DMBA group (p≤0.001). Diclofenac only group also had apoptotic cell count lower than the control group. iNOS is produced by macrophages and known to be upregulated during carcinogenesis. Fig. 9 -A show that NO levels were lowered in DMBA group when compared to control (p≤0.01) at 6 week but increased at 12 week. Diclofenac treated animals in DMBA+Diclofenac group and Diclofenac only group showed a significantly higher level (p≤0.001) of NO compared to control at 6 week but the level was reduced at 12 week. Citrulline levels also showed the trend similar to NO level (Fig. 9-B) .
In the present study a single intratracheal instillation had been employed to produce lung tumors in female Wistar rats. Various other protocols for induction of lung cancer are in use which includes inhalation of tobacco smoke [28] , injections of benzopyrene [29] , 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone [30] etc. Compared to these methods, the current method has advantage that a single dose is able to induce adenocarcinomas in comparatively lesser time. It allows the carcinogen to be delivered accurately to the lung tissue only, thus overcoming the possibility that the cancer might have developed secondarily by metastasis from other organs as can happen when the carcinogen is given intraperitonialy or other routes. DMBA has been widely used for inducing a variety of cancers including mammary, skin and lung cancer [4] . DMBA, like other polycyclic aromatic hydrocarbons (PAHs), need metabolic activation for carcinogenic effect [31] . Thus tumor development is a time dependent event, and tumor incidence and tumor burden increase with time. Diclofenac caused the prevention in cancer incidence as evidenced by the absence of any tumor nodules and able to prevent the occurrence of lesions to a large extent. This is consistent with the reports suggesting that NSAIDs may indeed be the effective anticancer agents [32] .
Role of COX-2 in inflammation has been well elucidated. Also, it is an immediate early response gene product and progressively upregulated during carcinogenesis [33] . Diclofenac exerts its chemopreventive action by the inhibition of COX-2, which is unique among the NSAIDs as having a preferential selectivity for COX-2 in vivo [34] . It has a lower IC 50 value than other nonselective NSAIDs [16] and hence, has a better gastrointestinal safety profile than the traditional NSAIDs [35] . There has also been an upthrust in the use of COX-2 selective NSAIDs as chemopreventives in recent times but the reports of renal failure and cardiovascular complications [36] have forced the researchers to use them with caution. The present results suggest that Diclofenac's chemopreventive action is mediated by the inhibition of COX-2 as seen by IHC as well as western blot where DMBA and Diclofenac coadministration leads to a lowering of the enzyme levels. Diclofenac evidently exerts its end effect by the induction of apoptosis in cancerous tissue [37] , as also seen in the present study, probably by an activation of caspase-3. Apoptosis is dysregulated during carcinogenesis [38] and its restoration is believed to be mediated by activation of caspase-3 [39] which is the major protease in apoptotic pathway. Interestingly, caspase-3 levels were decreased at 6 week in DMBA treated animals even before the tumors were evident. DNA fragmentation also showed that even though tumors were not present initially, the apoptosis pathway has been disrupted and lead to the reduction of apoptosis. Similar results were also seen in TUNEL assay where Diclofenac treatment restored the apoptosis which might be due to the activation of caspase-3 as evidenced by western blot results.
DMBA, like other polycyclic aromatic hydrocarbons, generates inflammation during carcinogenesis [4] and may attract the lung derived immune cells at the tumor site. Alveolar macrophages are involved in immune response and inflammation in lung, which may play an important role in the regulation of tumor growth. Also, tumor associated macrophages are activated to secrete large number of growth factors, cytokines, inflammatory mediators and proteases. These effects favor tumor metastasis and invasiveness [40] . The lowering of apoptosis in macrophages as evident by fluorescent staining in the present study suggests that they play a key role in tumor formation. These macrophages also produce iNOS which is responsible for excess production of NO during inflammation. Role of NO in lung carcinogenesis is complex and depends on its local concentration. NO causes DNA damage, lipid peroxidation, and also the formation of nitrosamine carcinogens. It also has a regulatory role in angiogenesis, platelet aggregation, vasodilatation and metastasis [41] . NO inactivates PGI synthase, lowering the production of PGI 2 that has antitumorigenic activity and acts to raise the levels of PGE 2 that has the pro-tumorigenic activity [42] .
We conclude that a single intratracheal dose of DMBA at 20 mg/kg of body weight induces lung cancer in rats in a time dependent manner. COX-2 is upregulated during the process and its inhibition by the preferential COX-2 inhibitor, Diclofenac leads to the prevention in the progression of lung cancer. The mechanism of action of Diclofenac seems to be mediated by the restoration of apoptosis by induction of caspase-3 and inhibition of COX-2. Diclofenac thus proved to be a potential chemopreventive agent in lung cancer and needs to be further probed for the molecular mechanism such as signal transduction pathway in apoptosis.
